The work of Edelman and collaborators'-3 and of other investigators4-6 has demonstrated that 6.5 S gamma globulin molecules of various species consist of several polypeptide chains. Recent experiments of Fleischman, Pain, and Porter7' 8 and of Marler and Tanford9 indicate the presence in rabbit gamma globulin of two chains of molecular weight of 55,000-60,000 each, and two of molecular weight 20,000-25,000. Fleischman et al. denote the two types of polypeptide chains as "A" and "B," respectively, corresponding to the "H" and "L" chains of human gamma globulin, described by Edelman and associates. On the basis of experiments with horse antibody, Porter has concluded that the "A chains" contain the active combining sites of the antibody molecule. 8 Utsumi and Karush,'0 and Jaquet, Bloom, and Cebra,"I have obtained active subunits of rabbit antibody by reduction and treatment with detergent.
It was recently demonstrated that the disulfide bond which links the univalent fragments of rabbit antibody after treatment with pepsin can readily be reduced prior to enzymatic digestion.'2 Complete reduction of this bond was observed when a total of 5-6 -SH groups had been liberated, and was characterized by the formation of univalent, 3.5 S fragments upon subsequent treatment with pepsin. (Peptic digestion of the unreduced antibody molecule yields a bivalent, 5 S fragment which is split into 3.5 S fragments by reduction of one labile disulfide bond'3' 14) We have now found that acidification of a solution of gamma globulin in 0.1 M NaCl, after reduction of 2-3 disulfide bonds, results in a decrease in molecular weight to approximately half that of the original molecule. The product forms one symmetrical peak in the ultracentrifuge. The results suggest that two subunits, approximately equal in size, are liberated. When the pH is then raised to neutrality, varying proportions of two major components, sedimenting with velocities of approximately 4 S and 6 S, are observed. The latter value is almost identical with that of untreated gamma globulin, which suggests that spontaneous recombination occurs at neutral pH. There is no appreciable formation of insoluble material, and a large fraction of the specific antibody activity of an antihapten antibody was retained.
Materials.-Methods used to obtain rabbit antisera against chicken ovalbumin or the p-azobenzoate haptenic group, and for the preparation of gamma globulin fractions, have been described elsewhere.'5-18 Immunoelectrophoresis of each gamma globulin preparation with sheep antirabbit serum showed only a single band, characteristic of gamma globulin. Chicken ovalbumin, twice crystallized, was obtained from the Pentex Company. 2-Mercaptoethylamine hydrochloride (MEA) was purchased from the California Corporation for Biochemical Research. p-Nitrobenzoic acid labeled with C14 in the carboxyl group (1.2 mc/mmole) was obtained from the New England Nuclear Corporation, and recrystallized. The radiochemical purity, estimated by the isotope dilution method, was found to be greater than 97%.
Methods. Results.-Reduction of rabbit anti-C A 3j4 ovalbumin gamma globulin, followed by acidification: Figure 1 shows sedimentation patterns obtained after reduction of gamma globulin (preparation A) with D4. At neutral pH the S20,w value of the sample treated with 0.5 IJI MIEA (6.5 S) was similar to that of the unreduced gamma globulin.
These data suggest the possibility that the reduction and acidification result in a decrease in molecular weight, and that the samples reduced with the lower concentrations of MEA 3.4 S. An appreciable amount of faster-moving material was also present. At the same pH and salt concentration the S20,w value of the unreduced gamma globulin was 4.6 S.
In an effort to separate the major 3.4 S protein from the faster-moving components, 30 mg in 1 ml was chromatographed on a 110 cm3 column of Sephadex G-200, equilibrated with 0.1 M NaCl containing sufficient HC1 to lower the pH to 2.5. Two thirds of the protein, eluted first from the column, was discarded. The last third was used for determinations of molecular weight, following dialysis against cold 0.1 M NaCl, pH 2.5. The S20,w value was the same as that of the major component observed prior to passage through Sephadex (3.4 S). The sedimentation velocity was measured in a double-sector cell, with a portion of the outer solution of the dialysis present in the other compartment of the cell. The gradient curve obtained in this experiment was analyzed by subtracting from the leading side of the principal (3.4 S) boundary the mirror image of the trailing side. This resolved the "shoulder" into a small peak, with area corresponding to 10% of the whole, and sedimentation coefficient of approximately 5 S.
The molecular weight was determined at pH 2.5 by the sedimentation equilibrium method with a protein concentration of 3.1 mg/ml, and by sedimentation and diffusion measurements at concentrations of 7.0 and 2.9 mg/ml. The The results indicate that the 3.4 S component represents half molecules of gamma globulin. This is supported by the values obtained for the molecular weight and by the fact that it migrates as a single symmetrical peak in the ultracentrifuge. Additional support for this hypothesis is given by data (discussed below) indicating that the smaller subunits can apparently be formed without breaking the disulfide bonds linking "B chains" to the rest of the molecule.
Effect of varying pH on the reduced gamma globulin molecule: Portions of the , \ 1.1 k'nent as the pH is lowered; at pH 2.5 the transition is nearly complete (Fig. 3E) nents with similar S values were always obtained; however, the ratio of the amount of the faster to that of the slower component was usually greater than in Figure 3 . In each experiment 10-20% of more rapidly migrating protein, presumably consisting of aggregates, was also present. While the process is clearly reversible, the equilibrium cannot be rapidly attained, since two maxima are observed in the schlieren pattern at pH's 2.7 and 2.9. The theory of Gilbert26 predicts that rapidly equilibrating monomer-dimer mixtures will exhibit only one maximum in the concentration gradient, moving at an intermediate velocity.
Effect of reduction and acidification on the activity of antihapten antibody: Tests of specific precipitability on recombined antibody were not reproducible. One recombined preparation of antiovalbumin gamma globulin formed a small amount of specific precipitate with antigen. Another specifically inhibited the homologous precipitin reaction (of untreated antibody with antigen). In view of the presence of some aggregates of high molecular weight and the possible presence of univalent molecules in the recombined preparations, interpretation of precipitin data is difficult. Since the method of equilibrium dialysis permits measurement of combining activity without the formation of specific precipitates, an antihapten antibody was investigated. Forty-nine mg of anti-p-azobenzoate gamma globulin (3% precipitable by an ovalbumin-p-azobenzoate test antigen) was reduced with 0.1 M MEA as described above. Excess iodoacetate (0.2 M), rather than CMB, was used to react with free -SH groups, because CMB would be expected to combine specifically with the antibenzoate antibdy. After standing overnight in the cold, the mixture was dialyzed twice against 0.1 M NaCl, and the pH was lowered to 2.5. More than 85% of the protein migrated with S20,w = 3.3 S, indicating a large amount of splitting into half molecules. After neutralization, two major components were observed with S20,w values of 3.6 and 5.7 S. Some aggregates were also present. Equilibrium dialysis was carried out with this preparation, with untreated antibenzoate gamma globulin, and with normal gamma globulin, each at a protein concentration of 16 mg/ml. The free concentration of hapten (C'4-p-nitrobenzoate) at equilibrium was 4.48 X 10-6 M. The concentration of hapten bound by the treated and untreated antibodies and by normal gamma globulin were 2.46 X 10-6, 2.91 X 10-6, and 0.35 X 10-6 M, respectively (averages of triplicate determinations). The results indicate that the specific binding capacity of the antibody is largely retained during reduction and acidification. (At a fixed free concentration of hapten, the concentration bound should be in direct proportion to the concentration of combining sites, if the average binding constant is not altered.)
Separation of "B chains" from reduced samples: To determine whether the disulfide bonds linking "B chains" to the remainder of the molecule are cleaved during reduction, we employed methods similar to those of Fleischman et al.,7 except that Sephadex G-100 was used in place of G-75. Samples were dialyzed against two 4 liter portions of cold 1 M propionic acid, and the column was equilibrated with the same solvent. The ratio of column volume to the volume of sample exceeded 100 to 1 
